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Using a combination of first-principles density functional theory (DFT) calculations and exact
diagonalization studies of a first-principles derived model, we carry out a microscopic analysis of
the magnetic properties of the half-metallic double perovskite compound, Sr2CrMoO6, a sister
compound of the much discussed material Sr2FeMoO6. The electronic structure of Sr2CrMoO6,
though appears similar to Sr2FeMoO6 at first glance, shows non trivial differences with that of
Sr2FeMoO6 on closer examination. In this context, our study highlights the importance of charge
transfer energy between the two transition metal sites. The change in charge transfer energy due
to shift of Cr d states in Sr2CrMoO6 compared to Fe d in Sr2FeMoO6 suppresses the hybridization
between Cr t2g and Mo t2g. This strongly weakens the hybridization-driven mechanism of magnetism
discussed for Sr2FeMoO6. Our study reveals that, nonetheless, the magnetic transition temperature
of Sr2CrMoO6 remains high since additional superexchange contribution to magnetism arises with a
finite intrinsic moment developed at the Mo site. We further discuss the situation in comparison to
another related double perovskite compound, Sr2CrWO6. We also examine the effect of correlation
beyond DFT, using dynamical mean field theory (DMFT).
PACS numbers: 71.20.-b, 71.20.Be, 75.50.-y
I. INTRODUCTION
In recent years, double perovskites with general for-
mula A2BB
′
O6 (A: rare-earth/alkaline-earth cation, B:
3d transition metal, B
′
: 4d/5d transition metal) have
been in focus of discussion due to their attractive prop-
erties. This includes multiferrocity,1,2 magnetodielec-
tric and magnetocapacitive properties,3,4 complex spin
behavior,5 magneto-structural coupling6 etc. Many of
these compounds show half-metallic behavior, which is
of importance for spintronics and related technological
applications.7–14 The high magnetic transition tempera-
tures (Tc) exhibited by compounds like Sr2FeMoO6, open
up the possibility of room temperature application.15,16
The pioneering work, reporting15 room temperature
magnetoresistivity of Sr2FeMoO6 (SFMO) was met with
excitement and followed by a surge of activity exploring
the dependence of 3d transition metal (TM) ion on the
properties of these compounds.
Following this motivation, Cr-based double perovskites
have been synthesized and studied,17 in particular, the
sister compound of SFMO, Sr2CrMoO6 (SCMO).
18 Un-
like in SFMO, there can be no valence compensation be-
tween Cr and the Mo in SCMO: Cr can only be in the
3+ state making Cr3+/Mo5+ only possible combination,
while for SFMO, both Fe3+/Mo5+ and Fe2+/Mo6+ com-
binations are possible. Thus, SCMO was expected to
be an even better candidate for room temperature spin-
tronics. However, although the measured transition tem-
perature of SCMO is high,18,19 the observed moment20
and the magnitude of the tunneling magnetoresistance
turned to be disappointingly low. The presence of large
antisite disorder, together with oxygen vacancy was held
responsible for this.19 The antisite disorder present in the
samples was estimated to be as high as 43 - 50 %.18,21 To
appreciate the role of 3d TM in the properties of double
perovskites, it is thus highly desirable to understand the
electronic and magnetic properties of pure SCMO.
Theoretical studies on SCMO have been carried out
within the framework of DFT.22,23 However no micro-
scopic analysis has been carried out, neither has the tran-
sition temperature been calculated, except for a recent
mean field analysis24 based on a classical Ising model.
The latter neglects the itinerant electronic character of
Mo 4d electrons, a crucial component in understanding
the behavior of these 3d-4d double perovskites.
Futhermore, though the hybridization driven mecha-
nism of magnetism has been identified10 a while ago as
the driving force in setting up the high Curie tempera-
ture in compounds like SFMO, the role of charge transfer
between B and B
′
sites in the perspective of properties
of double perovskite compounds in general, has not been
studied in detail. In particular no systematic study ex-
ists. This is however an important issue in understanding
the comparative magnetic properties of double perovskite
compounds.
In the present study, we aim to fill this gap by com-
bining state-of-art DFT calculations and exact diagonal-
ization of the DFT derived model Hamiltonian. We con-
sider the case of SCMO, in comparison to SFMO as well
as Sr2CrWO6 (SCWO)
17 which is another double per-
ovskite from the Cr family but with 5d W instead of 4d
Mo. Our microscopic study shows a considerable sup-
pression of the Cr t2g - Mo t2g hybridization in SCMO
compared to that in SFMO or SCWO, driven by the
change in charge transfer energy between B and B
′
sites
in different compounds. The suppressed hybridization in
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2SCMO makes the Mo t2g electrons more localized com-
pared to SFMO or SCWO. This, in turn, opens up an
additional, super-exchange contribution to magnetism.
The calculated magnetic transition temperature Tc with-
out super-exchange contribution, gives about 79 % of
the measured Tc. The consideration of additional super-
exchange contribution makes the calculated Tc compa-
rable to the measured one. Our work reveals the im-
portance of the super-exchange in SCMO in addition to
the hybridization-driven mechanism operative in SFMO
or SCWO, and underlines the crucial role played by the
charge transfer energy in activating the additional su-
perexchange channel in SCMO.15
We further study the effect of correlation on the half-
metallic property of SCMO by including local correla-
tions on top of DFT within the framework of DMFT. The
DMFT results confirm the half-metallic ground state be-
low the magnetic transition temperature, implying that
the qualitative description remains unaffected by corre-
lation effects.
II. COMPUTATIONAL DETAILS
The first-principles DFT calculations have been carried
out using the plane-wave pseudopotential method im-
plemented within the Vienna Ab-initio Simulation Pack-
age (VASP).25 The exchange-correlation functional was
considered within the generalized gradient approxima-
tion (GGA) in the framework of PW91.26 Additionally
calculations have been carried with exchange-correlation
functional of local density approximation (LDA)27 as well
as GGA within the framework of PBE,28 in order to
check any possible influence of the exchange-correlation
functional on the calculated electronic structure. The
projector-augmented wave (PAW) potentials29 were used
and the wave functions were expanded in the plane-wave
basis with a kinetic-energy cutoff of 500 eV. Reciprocal-
space integrations were carried out with a k-space mesh
of 8 × 8 × 8.
In order to extract a few-band tight-binding (TB)
Hamiltonian out of the full DFT calculation which can
be used as input to multiorbital, low-energy model
Hamiltonian in exact diagonalization calculations we
have carried out N -th order muffin tin orbital (NMTO)
calculations.30 A prominent feature of this method is the
downfolding scheme. Starting from a full DFT calcula-
tion, it defines a few-orbital Hamiltonian in an energy-
selected, effective Wannier function basis, by integrat-
ing out the degrees of freedom that are not of interest.
The NMTO technique relies on the self-consistent po-
tential parameters obtained out of linear muffin-tin or-
bital (LMTO)31 calculations. In order to cross-check
the TB parameters generated out of NMTO-downfolding
calculations, further calculations were carried out us-
ing wien2wannier32. This generates maximally localized
Wannier functions33 from Wien2K34 which employs a full
potential linear augmented plane wave (FLAPW) basis.
For self-consistent DFT calculation in the FLAPW ba-
sis the number of k-points in the irreducible Brillouin
zone was chosen to be 64. The commonly used criterion
relating the plane wave and angular momentum cutoff,
lmax = RMT ×Kmax was chosen to be 7.0, where RMT
is the smallest MT sphere radius and Kmax is the plane
wave cutoff for the basis. The chosen atomic radii for Sr,
Cr, Mo and O were 1.43 A˚, 1.01 A˚, 1.01 A˚, and 0.87 A˚,
respectively.
The exact diagonalization of the ab-initio derived low-
energy Hamiltonian, defined in the Wannier function ba-
sis has been carried out for finite-size lattices of dimen-
sions 4×4×4, 6×6×6, and 8×8×8. The results presented
in the following are for 8×8×8 lattice.
The DFT+DMFT calculations35,36 have been carried
out using the wien2wannier32-derived maximally local-
ized Wannier functions of Wien2K as a starting point.
We restricted the DMFT to the low energy degrees of
freedom, i.e., to the “t2g” orbitals of Mo and the “t2g”
and “eg” orbitals of Cr (These low energy orbitals are ac-
tually a mixture between predominately transition metal
t2g (eg) character with some admixture of oxygen p char-
acter). We supplemented the DFT low-energy Hamilto-
nian in the Wannier basis by a local Coulomb interaction
in Kanamori parametrization. For details see Ref. 37.
For the interaction values we chose the typical values for
3d and 4d transition metal oxides. The choices were: in-
terorbital Coulomb repulsion of U ′ = 4 eV (2.4 eV) and
a Hund’s coupling JH = 0.7 eV (0.3 eV) for Cr (Mo) as
estimated for neighboring vanadium38(ruthenium39) per-
ovskites. The intraorbital (Hubbard) repulsion follows
from orbital symmetry as U = U ′ + 2JH ; and the pair
hopping term is of equal strength as JH . As a DMFT
impurity solver, continuous-time quantum Monte-Carlo
simulations40 in the w2dynamics37 implementation was
used which includes the full SU(2) symmetry. The ef-
fect of electronic correlations beyond GGA, within the
framework of static theory was also checked by perform-
ing GGA+U calculations with choice of same U parame-
ters, as in DMFT calculation. We have also checked the
validity of our results by varying the U value by +/-1 eV
at Cr site, and by +/-0.5 eV at Mo site. The trend in
the results was found to remain unchanged.
III. RESULTS
A. Basic DFT Electronic Structure
We first revisit the basic DFT electronic structure
of SCMO, which has been calculated before using va-
riety of basis sets, including plane wave,41 LAPW22 and
LMTO.23 SCMO crystallizes in the cubic Fm3m space
group (225), with lattice parameter of 7.84 A˚.19
The upper panel of Fig 1. shows the spin polarized
density of states (DOS) calculated in a plane wave ba-
sis. The basic features of the DOS, which agree very well
with previous studies22,23,41 are the following: The states
3close to Fermi level, EF , (set as zero in the figure), are
dominated by Cr and Mo d states hybridized with O p
states. The states of dominant O p character are posi-
tioned further down in energy, separated by a small gap
from Cr and Mo d states. Empty Sr states, not shown
in the energy scale of the figure, remain far above EF .
Due to the large octahedral crystal field at Mo sites, the
empty Mo eg states lie far above EF . The Cr t2g states
are occupied in the up spin channel and empty in the
down spin channel. Cr eg states are empty in both spin
channels, in agreement with the nominal Cr3+ (d3) va-
lence. The empty and highly peaked Mo t2g states in the
up spin channel appear in between the crystal field split
Cr t2g and Cr eg states for the same spin. In contrast
for the down spin channel, the Mo t2g hybridize more
strongly with Cr t2g, which explains their much larger
bandwidth.
The above described basic features for B and B
′
states,
are rather similar for SCMO and SFMO,42 and in that re-
spect also for SCWO.43 Nevertheless, the DOS of SCMO
differs from both SFMO and SCWO in important de-
tails. The hybridization between B t2g and B
′
t2g in the
down spin channel, is found to be significantly lower com-
pared to that of SFMO or SCWO.42,43 A measure of this
is the Cr contribution in the down spin bands crossing
EF of predominant Mo character. We estimate this con-
tribution or admixture to be 35% for SCMO, while the
corresponding estimates for SCWO and SFMO are much
larger, 66% and 72 %, respectively.
The top rows in Table I show the calculated magnetic
moments at Cr and Mo sites, as well as the total mo-
ment in three choices of exchange-correlation function-
als, GGA-PW91, GGA-PBE as well as LDA. The half-
metallic nature of the ground state is found to be robust
in all different choices of exchange-correlation function-
als with the total magnetic moment of 2.0 µB/f.u. and
finite moments residing at O sites. As is seen, while the
individual moments on Cr and Mo are found to vary de-
pending on the nature of approximation, the magnetic
moments on Cr and Mo site being aligned in an antiparal-
lel manner, the enhancement/reduction of individual mo-
ments cancel, thereby retaining the half-metallicity and
net moment of 2 µB/f.u. Our calculated GGA magnetic
moments at Cr and Mo sites are in good agreement with
that reported by Liet et al.41 The calculated site-specific
moment reported by Wu23 is however much smaller than
that of our as well as that of Liet et al.41 This is pre-
sumably due to different choices of the muffin tin radii
as well as the exchange-correlation functional.
The measured magnetic moments are significantly
smaller than the theoretical values. Experimentally, the
total moment is only 0.5 µB
20 and the moment on the Cr
sites is 0.8 µB .
44 This discrepancy was hitherto argued
to be due to the large disorder present in the sample.19
It is interesting to note that the value of the calculated
GGA-PW91 magnetic moment at the Mo sites (0.43 µB)
is larger than the calculated B
′
site moment for SFMO
(0.23 µB) and SCWO (0.30 µB). This indicates a weaker
Sr Cr Mo total
LDA 0.00 -2.18 0.32 -2.00
GGA-PW91 0.00 -2.29 0.43 -2.00
GGA-PBE 0.00 -2.36 0.49 -2.00
GGA+U 0.00 -2.54 0.58 -2.00
DMFT 0.00 -2.84 0.84 -2.00
Table I: Calculated magnetic moments (in µB) within LDA,
GGA-PW91, GGA-PBE, GGA+U and DMFT. Note that
within GGA there is also a moment on the oxygen sites which
is accounted for in the Cr and Mo moment in DMFT as the
predominately metal d Wannier functions also have some oxy-
gen admixture.
itinerancy of the Mo electrons in SCMO, compared to
SFMO or to that of W in SCWO. This in turn suggests
that a small, but finite intrinsic moment develops at the
Mo site as a consequence of the weaker hybridization be-
tween Cr and Mo. The suppression of the hybridization
and the reduced itinerancy of the Mo t2g electrons in
SCMO has been also pointed out in the study by Wu,23
though no detailed understanding of the mechanism of
magnetism was provided. In the following we will elab-
orate on the microscopic mechanism of magnetism in
SCMO.
Figure 1: (Color online) Upper panel: GGA-PW91 spin-
polarized DOS projected onto Cr t2g (black solid line), Cr
eg (red solid line), Mo t2g (blue solid line), Mo eg (green solid
line) and O p (shaded area) in the FLAPW basis. The zero of
the energy is set to the Fermi energy. The positive (negative)
axis of DOS corresponds to DOS in up (down) spin channel.
Lower panel: DMFT spectral density, calculated at 200 K
within the Mo t2g and Cr t2g + eg Wannier basis.
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4B. DMFT Spectral Density
In order to study the effect of electronic correlations,
specially the dynamical correlation which may be impor-
tant for SCMO due to the metallic nature of the ground
state, we further carry out DMFT calculations in the
Wannier function basis. The lower panel in Fig 1, shows
the DMFT spectral density calculated at a temperature
of 200 K.
The spectrum shows qualitatively similar behavior to
that obtained in DFT calculation, though the down spin
spectrum shows the correlation physics with a feature
resembling lower and upper Hubbard bands and a well
defined quasi-particle peak at Fermi energy. This demon-
strates the dual nature of the Mo down spin with local-
ized electrons (Hubbard bands) and itinerant electrons
(quasiparticle band) at the same time. The fully spin-
polarized conducting electrons are Fermi-liquid-like with
a linear frequency-dependence of the self energy (not
shown). Hence the quasiparticle peak will lead to a
Drude peak in the optical conductivity.
The DMFT magnetic moments are shown in the last
row of Table I. We note the DMFT calculated magnetic
moments are in the basis of Cr and Mo t2g Wannier func-
tions, which includes the effect of oxygen. This makes
a direct comparison between DMFT and GGA values
somewhat more difficult. However since the difference
between GGA and DMFT magnetic moments is larger
than the GGA oxygen contribution, we can conclude that
electronic correlations somewhat enhance the magnetic
moment on both, Mo and Cr, sites. This is further sup-
ported by the magnetic moments calculated within the
static theory of GGA+U , with choice of same U param-
eters as in DMFT calculation, shown in the second row
of Table I, which shows an enhancement of the moment
both at Cr and Mo sites, compared to that of GGA.
C. Few-orbital, low-energy Hamiltonian
In order to understand the driving mechanism of mag-
netism in SCMO in a more quantitative manner, we carry
out a NMTO downfolding in order to estimate the posi-
tions of exchange split Mo t2g energy levels, before and
after switching on the hybridization between the Mo t2g
and Cr t2g. The former provides the estimate of intrinsic
spin splitting at the Mo site, while the latter provides the
information of the spin splitting at the Mo site renormal-
ized by the hybridization effect from Cr t2g. As a first
step of this procedure, we downfold O p, Sr as well as Cr
and Mo eg degrees of freedom. This defines a few-orbital
Hamiltonian consisting of Cr t2g and Mo t2g states. In
the second step, we perform a further downfolding, keep-
ing only the Mo t2g degrees of freedom, i.e., downfolding
everything else including the Cr t2g degrees of freedom.
On site matrix elements of the few orbital Hamiltonian
in real space representation defined in the Cr t2g - Mo t2g
basis and the massively downfolded basis give the energy
level positions before and after switching of the hybridiza-
tion, respectively. The obtained result is presented in Fig
2. First of all, we notice that the Mo t2g states are en-
ergetically situated in between the exchange-split energy
levels of Cr t2g’s. Thus switching of the hybridization
between Cr and Mo, pushes the Mo up spin states down
because these are below the Cr states of the same spin.
In contrast, the Mo down spins are above their Cr coun-
terpart and hence the hybridization shifts them upwards.
Thus the hybridization induces a renormalization of the
spin splitting at the Mo site, with renormalized value of
about 0.70 eV, and being oppositely oriented (negative)
with respect to that at Cr site. Note the intrinsic (in ab-
sence of hybridization) spin splitting at Mo site is small,
having a value of 0.15 eV.
In this respect, the situation is very similar to SFMO
or SCWO, for which also a negative splitting is induced
at the itinerant B
′
sites because of the hybridization
with the large spin at the B sites.10,15,43,46 This sup-
ports that the hybridization-driven mechanism is opera-
tive in SCMO as well. While in all three cases of SFMO,
SCWO and SCMO, the B
′
t2g states appear in between
the strong exchange split energy levels of B site, which
is an essential ingredient for hybridization-driven mech-
anism to be operative, we notice the relative energy po-
sition of B
′
t2g states with respect to the exchange split
B states is different in case of SCMO, as compared to
SFMO or SCWO. For SFMO or SCWO, the down spin
B
′
t2g states appear very close to B site down spin states,
while for SCMO, they are shifted down.15,43 This hints
towards a significantly different charge transfer energy in
case of SCMO as compared to SFMO or SCWO. This will
be elaborated in the next paragraphs. We further notice
that the intrinsic splitting at the Mo sites (0.15 eV) is
somewhat larger than for SCWO (0.05 eV).43 This fur-
ther confirms the conclusion drawn from the calculated
magnetic moment at Mo site that is in SCMO, unlike
SFMO, Mo has a finite intrinsic moment. The mag-
netism in SCMO, as mentioned already, thus has an addi-
tional contribution, originating from the superexchange
between the large moment at the Cr site and the intrin-
sic moment at the Mo site, on top of the hybridization-
driven mechanism, as operative in SFMO. Note that the
superexchange is antiferromagnetic, aligning the Cr and
Mo moments antiparallely, i.e., in the same way as for
the hybridization-driven mechanism.
In this situation, the low-energy model Hamiltonian for
SCMO in the Cr t2g and Mo t2g Wannier basis, describing
the hybridization and super-exchange mechanism is given
5Figure 2: (Color online) The energy level diagram for SCMO,
in the absence and presence of the Cr-Mo hybridization. The
energies are in units of eV.
by43,47
H = Cr
∑
i∈B
f†iσαfiσα + Mo
∑
i∈B′
m†iσαmiσα
−tCr−Mo
∑
<ij>σ,α
f†iσ,αmjσ,α
−tMo−Mo
∑
<ij>σ,α
m†iσ,αmjσ,α
−tCr−Cr
∑
<ij>σ,α
f†iσ,αfjσ,α + J
∑
i∈Cr
Si · f†iα~σαβfiβ
+J
′ ∑
i∈Cr,j∈Mo
Si · sj . (1)
Here the f ’s and m’s are second quantization operators
for the Cr t2g and Mo t2g degrees of freedoms; σ is the
spin index and α is the orbital index that spans the t2g
manifold; tCr−Mo, tMo−Mo, tCr−Cr represent the nearest
neighbor Cr-Mo, the second nearest neighbor Mo-Mo and
the Cr-Cr hopping, respectively. The on-site energy dif-
ference between Cr t2g and Mo t2g levels is ∆ = Cr−Mo.
To take into account the dual nature of the electrons that
are both, itinerant and localized, we include a large core
spin Si at the Cr site that couples with the itinerant elec-
tron delocalized over the Cr-Mo network, via a double-
exchange like mechanism. The last term represents the
superexchange mechanism in terms of coupling between
the Cr spin (Si) and the intrinsic moment on the Mo site
(sj).
All TB parameters of the model Hamiltonian, i.e., ∆,
tCr−Mo, tMo−Mo, tCr−Cr, are extracted from a non-
spin-polarized DFT calculations through two indepen-
dent means: a) through the NMTO downfolding tech-
nique, and b) through the construction of maximally lo-
calized Wannier functions in the basis of the effective Cr
and Mo t2g degrees of freedom. The latter scheme has
been also employed in the DMFT study, presented be-
fore. In both cases we integrate out all other degrees of
freedom except for the Cr and Mo t2g’s states. The com-
parison of the full DFT non spin-polarized band struc-
ture and the few orbital TB bands in maximally localized
∆ tCr−Mo tMo−Mo tCr−Cr
SCMO (NMTO) -0.35 0.33 0.14 0.08
SCMO (Wannier90) -0.42 0.30 0.12 0.06
SCWO -0.66 0.35 0.12 0.08
SFMO -1.04 0.26 0.11 0.04
Table II: Tight-binding parameters (in eV) of the few orbital
Hamiltonian for SCMO, SCWO43, and SFMO42 in Wannier
function basis, extracted out of DFT calculations.
Wannier function basis is shown in Fig 3. The agreement
between the two is found to be as good as possible, prov-
ing the effectiveness of the Wannier function projection.
Figure 3: (Color online) Comparison of the full paramagnetic
DFT band structure (solid line) and the few orbital TB band
structure (+) plotted along a high symmetry path through the
Brillouin zone [Γ: (0 0 0), K: (3/8,3/4,3/8), W: (1/4,3/4,1/2),
L: (1/2,1/2,1/2) and X: (0,1/2,1/2)].
The DFT estimates of ∆, tCr−Mo, tCr−Cr and
tMo−Mo, obtained by two different scheme of calcula-
tions are shown in Table II. The agreement of the values
in two independent scheme of calculations is remarkable
and provides confidence regarding the results. The TB
parameters for SCWO43 and SFMO42 are also listed in
the table for comparison.
While the estimated hopping parameters of SCMO are
rather similar to that reported for SCWO,43 we find the
charge transfer energy ∆ (-0.4 eV) to be quite different
from that estimated for SFMO (-1.0 eV)42 and for SCWO
(-0.7 eV).43 This forms the most crucial observation of
our study, which dictates the differences in electronic
structure of SCMO and, SFMO and SCWO. Related dis-
cussions involving importance of ∆ and t in hybridization
driven mechanism were mentioned by another group for
comparisons between SFMO and A-site B-site randomly
doped Ti oxides although it was not a systematic one.48
The change in the bare, non-spin-polarized charge
transfer energy (∆), in turn, modifies the renormalized
charge transfer energy ∆R between Cr and Mo in the
down spin channel in the spin-polarized phase. It is much
larger in SCMO (0.81 eV) compared to that in SCWO
(0.51 eV),43 due to the moving down the column of the
periodic table from the 4d element Mo in SCMO to the
65d element W in SCWO. As a consequence of the larger
charge transfer splitting ∆R the effect of the hybridiza-
tion which is governed by t2C−Mo/∆R is significantly sup-
pressed in SCMO, by about 63% compared to the corre-
sponding value for SCWO.
The parameter involving J in (1) corresponds to the
spin-splitting at the Cr site, while J
′
is obtained from
the enhanced intrinsic spin-splitting observed at Mo site
in case of SCMO as compared to that for SCWO com-
pound at the W site. As discussed below, frustration
effects make the convergence of total energy calculations
in different spin configurations difficult, prohibiting di-
rect extraction of J
′
in a single system. Thus J
′
needs
to be determined by comparison of the independently
obtained intrinsic spin splittings (obtained by turning off
the B-B
′
hybridization) at the B
′
sites of the related com-
pounds. This approach was used earlier,43 where three
compounds Sr2CrWO6, Sr2CrReO6 and Sr2CrOsO6 were
considered. It was pointed out43 that the intrinsic split-
ting at the B site due to a purely hybridization driven
mechanism should increase proportional to the electron
filling at B
′
site (the filling increases from 1 to 2 to 3
moving from W to Re to Os); the additional increase, if
any, is due to the presence of the localized moment at
B
′
site giving rise to superexchange J
′
between B and
B sites. In the present case, all the three compounds
considered, namely SFMO, SCMO and SCWO have the
same electron filling, namely 1. Hence considering the
compound SCWO as the benchmark, the difference in in-
trinsic splitting between the Mo site of SCMO and the W
site of SCWO is used to obtain the J
′
value for SCMO.49
D. Exact Diagonalization of Model Hamiltonian
As the magnetism of SCMO turns out to be driven
by both hybridization-driven mechanism and superex-
change mechanism, the calculation of magnetic transition
temperature in a first-principles way is challenging. For
example, an antiferromagnetic configuration of Cr spins
leads to a frustration of the intrinsic Mo moment. On
the other hand, the hybridization-driven mechanism, dis-
favors the stabilization of magnetic configurations with
Cr spins aligned in parallel to the spins at Mo sites. This
thus leads to a frustration effect which makes the con-
vergence of different spin configurations to extract the
magnetic exchanges a challenge within the framework of
full blown DFT scheme.
Hence, we consider the model Hamiltonian approach
in the following. To this end, we solve the ab-initio con-
structed model Hamiltonian (1) using exact diagonaliza-
tion on a finite lattice. In particular, we consider the
stability of the ferromagnetic arrangements of Cr spins
measured as the energy difference between the param-
agnetic (PM) spin configuration and the ferromagnetic
(FM) spin configuration. The PM phase was simulated
as disordered local moment calculations, where the cal-
culations were carried out for several (≈ 50) disordered
configurations of Cr spin and were averaged to get the en-
ergy corresponding to PM phase. This energy difference
provides an estimate of the magnetic Tc.
In order to check the influence of the intrinsic moment
at the Mo site on the magnetic transition, we first car-
ried out exact diagonalization calculation considering the
Mo site to be totally nonmagnetic, i.e., setting the last
term of Hamiltonian (1) to zero. This boils down to a
hybridization-only driven mechanism of magnetism, as
suitable for SFMO or SCWO.43,50 The energy difference
between the PM and FM in this calculation, turned out
to be 0.067 eV/f.u., which is of the same order as, but less
than, that obtained using the TB parameters of SCWO
(0.085 eV/f.u).43,51 As mentioned already, the hopping
parameters between SCMO and SCWO are very simi-
lar, thus the difference is caused by the different charge
transfer energy in the two compounds. Mapping this en-
ergy difference to the mean field transition temperature,
one would get Tc in SCMO to be 79 % smaller compared
to that of SCWO.17 The calculated PM and FM energy
difference, considering the full model Hamiltonian, de-
scribing both hybridization-driven and super-exchange
driven mechanism, is 0.080 eV/f.u., which makes the cal-
culated Tc of SCMO similar to that of SCWO. Mapping
the PM and FM energy difference to the mean field Tc,
one obtains the values 822 K for SCMO and 870 K for
SCWO, which are an overestimation of the experimental
values.17–19 This is presumably due to non-local fluctua-
tions beyond mean-field. However, the trend is very well
reproduced with TSCMOc /T
SCWO
c = 0.95.
IV. SUMMARY
Starting from a DFT description we provide a micro-
scopic analysis of the magnetic behavior of SCMO, a
sister compound of SFMO. DFT calculations on pure,
defect-free SCMO show that, like SFMO and SCMO,
it is a half-metallic magnet. The calculated DMFT re-
sults confirm the robustness of the half-metallicity of
SCMO upon inclusion of dynamical correlation effect.
The DMFT results show a splitting of the Mo down
spin band into Hubbard bands and quasiparticle peak.
This indicates the dual nature of the Mo electrons hav-
ing both, a local spin moment and itinerant behavior.
The origin of magnetism in SCMO turns out to be
somewhat different than in SFMO. The charge transfer
energy between Cr and Mo in the down spin channel of
SCMO is found to be larger than that between Fe and
Mo in SFMO. This suppresses the effect of hybridization
between B and B
′
sites in SCMO compared to SFMO
and has two consequences: (i) the hybridization-driven
mechanism for magnetism is reduced and (ii) a small but
finite intrinsic moment develops at the Mo sites. The
latter gives rise to a partial localized character of the
Mo electrons, which was absent in SFMO. This in turn
opens up a super-exchange contribution to magnetism in
SCMO, which was absent for SFMO. We compare our
7results on SCMO to another Cr based double perovskite,
SCWO. The magnetism in the latter, like SFMO, is well
described by a hybridization-only picture. The computed
Tc obtained through exact diagonalization of the ab-initio
derived model Hamiltonian show the Tc of SCMO to be
similarly high as in SCWO, only upon inclusion of both,
super-exchange and hybridization-driven contribution in
case of SCMO. Thus while magnetism in both, SCWO
and SFMO, is governed by hybridization, the story in
SCMO appears with a twist. It needs to be described by
a combination of hybridization and superexchange mech-
anism.
We conclude that, in general, the magnetism in the
double perovskite family has to be understood as an in-
terplay between the hybridization and super-exchange
between B and B
′
sites. The relative contribution of one
mechanism vs. the other one is dictated by the charge
transfer between the 3d transition metal at the B site
and the 4d or 5d transition metal at the B
′
site.
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